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P,: ABSTRACT 

■ We present a study of globular clusters in the inner region of the giant elliptical galaxy 

00 : NGC 4472, based on the HST WFPC2 archive data. We have found about 1560 globular 

cluster candidates at the galactocentric radius r < 4 arcmin, most of which are located 
>• ■ within r = 1.1 arcmin. V — {V — I) diagram of these objects shows a dominant vertical 

structure which consists obviously of two components: blue globular clusters (BGCs) and 
red globular clusters (RGCs). The luminosity function of the globular clusters is derived 
'nI" I to have a peak at V^(max) = 23.50 ±0.16 mag and a = 1.19 ±0.09 from Gaussian fitting. 

^ ' From this result the distance to NGC 4472 is estimated to be = 14. 7 ± 1.3 Mpc, for the 

O ■ foreground reddening E{V — I) = 0.03 and the peak luminosity for the Galactic globular 

^ ! clusters of My (max) = —7.4 mag. The peak luminosity for the RGCs is similar to that 

Ph| for the BGCs, which indicates that the RGCs may be several Gyrs younger than the 

P ' BGCs. The luminosity function of the globular clusters shows little systematic variation 

depending on the galactocentric radius at r < 4 arcmin. However, the mean luminosity 
! of the bright BGCs decreases by 0.2 mag with increasing galactocentric radius over the 

range of 9 arcmin, while that of the RGCs does not. The observed color distribution 
of these globular clusters is distinctively bimodal with peaks at (V — I) = 0.98 ± 0.01 
and 1.23 ±0.01, which correspond to the metallicities of [Fe/H] = —1.41 and —0.23 dex, 
', respectively. The mean observed color of all the globular clusters with V < 23.9 mag is 

derived to be {V — I) = 1.11 ± 0.01 (m.e.), corresponding to the metallicity of [Fe/H] 
= —0.79 ± 0.05 dex. These colors are exactly the same as those for the globular clusters 
in M87. It is found that the relative number of the BGCs to the RGCs is increasing 
with the increasing galactocentric radius. There are more RGCs than the BGCs within 
r ~ 2 arcmin, while there are fewer RGCs than the BGCs in the outer region of NGC 
4472. Radial and azimuthal structures of the globular cluster system in NGC 4472 are 
also investigated. Surface number density profiles of both the BGCs and RGCs get flat 
in the central region, and the core radii of the globular cluster systems are measured to 
be Tc = 1.9 arcmin for the BGCs, = 1.2 arcmin for the RGCs, and = 1.3 arcmin for 
the total sample, which are much larger than the stellar core of the galaxy. In general 
the properties of the globular clusters in the inner region of NGC 4472 are consistent 
with those of the globular clusters in the outer region of NGC 4472. 
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Subject headings: galaxies: individual (NGC 4472) - galaxies: star clusters - galaxies: 
abundances - galaxies: photometry — Distance scale - globular clusters: general 
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1. INTRODUCTION 

NGC 4472 (M49) is a giant elliptical galaxy lo- 
cated at 4° south of the center of the Virgo clus- 
ter. NGC 4472 is the brightest member of the Virgo 
cluster, some 0.2 mag brighter than the cD galaxy 
M87. NGC 4472 is an outstanding example of giant 
elliptical galaxies showing a bimodality in the color 
distribution of globular clusters (Gebhardt & Kissler- 
Patig 1999, Kundu 1999). Geisler, Lee, & Kim (1996) 
and Lee, Kim, & Geisler (1998) have found from the 
deep wide (16.4 x 16.4 arcmin^) field CCD imaging 
of NGC 4472 that the color distribution of the globu- 
lar clusters in NGC 4472 is remarkably bimodal. The 
bimodal color distribution of the globular clusters in 
NGC 4472 has shown that there are two kinds of clus- 
ter populations in this galaxy: a metal-poor popula- 
tion with a mean metallicity of [Fe/H] = —1.3 dex 
and a metal-rich population with a mean metallicity 
of [Fe/H] = —0.1 dex. Interestingly it is found that 
the metal-rich globular clusters show some properties 
in common with the galaxy halo stars in their spatial 
distribution and color profiles, while the metal-poor 
globular clusters do not show such behavior. Also it is 
found that the metal-rich globular clusters are more 
centrally concentrated than the metal-poor globular 
clusters. This result indicates that there may exist 
some connection between the metal-rich globular clus- 
ters and halo stars in NGC 4472 in the formation and 
evolution processes. However, these studies based on 
the ground-based observations could not investigate 
the properties of the globular clusters close to the 
center of NGC 4472, because of the severe crowding 
problem and strong background halo light in ground- 
based images of the inner region of the galaxy. Hubble 
Space Telescope (HST) data are ideal for the study 
of the globular clusters close to the center of bright 
galaxies such as NGC 4472. They are especially useful 
for the study of the structure of the globular cluster 
system in the central region of NGC 4472 for which 
little is known by now. 

In this paper we present a study of the globular 
clusters in the inner region of NGC 4472 using the 
HST archive data. During the preparation of this 
paper Puzia et al. (1999) published a paper based 
on the analysis of the data which are the same as three 
sets among the four sets used in this study. However, 
there are several differences between the two studies, 
details of which will be described later. Here is given 
a brief summary of the differences between the two 



studies. First, we use one more data act in addition 
to the data set used by Puzia et al., with which the 
size of the bright globular cluster sample is increased 
by 29% and the complete areal coverage of the bright 
globular cluster sample is increased significantly (by 
a factor of three in the range of the galacto centric 
radius). Secondly, we use different methods of data 
reduction and analysis from the Puzia et al.'s. As a 
result, our photometry goes about 1 mag deeper and 
is more complete than the Puzia et al.'s before incom- 
pleteness correction. Third, V and / magnitudes in 
our photometry are on average about 0.2 mag fainter 
than the Puzia et al.'s for the common objects, while 
the colors are almost the same between the two stud- 
ies. Fourth, our results for the peak luminosity of 
the globular cluster luminosity functions are signifi- 
cantly different from the Puzia et al.'s, leading to an 
opposite conclusion on the age of the globular clus- 
ters. Fifth, we present for the first time a study of the 
structure of the central region of the globular cluster 
systems which was not done by Puzia et al. Sixth, we 
use both the HST data of the inner region of NGC 
4472 and the ground-based data of the outer region 
of NGC 4472 to investigate any systematic variation 
over a wide range, while Puzia et al. worked with 
only the HST data of the inner region. 

This paper is composed as follows. Sections 2 de- 
scribes the data used in this study, and 3 explains 
the reduction of the data. Section 4 presents the 
color-magnitude diagram of the measured objects in 
the NGC 4472 field. Sections 5 and 6 show, respec- 
tively, the luminosity functions and color distribution 
of globular clusters. Section 7 investigates the spa- 
tial structure of the globular cluster system in NGC 
4472. Primary results are discussed in Section 8, and 
a summary of this study is given in the final section. 

2. DATA 

We have used four sets of HST Wide Field and 
Planetary Camera 2 (WFPC2) imaging data on NGC 
4472 available in the HST archive for this study: two 

fields including the center of NGC 4472, one field 3 
arcmin north, and one field 3 arcmin south from the 
center of NGC 4472. We name these HST fields: CI 
Field, C2 Field, N Field and S Field. The images 
were obtained with the wide-band filters F555W and 
F814W. Table 1 lists the observation log of these data 
and Fig. 1 displays the positions and orientations of 
the HST fields in the digitized Palomar Sky Survey 
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image of NGC 4472. Areal coverage of the data used 
in this study extends out to r 4 arcmin, and is 
almost complete inside r = 1.1 arcmin. 

3. DATA REDUCTION 

3.1. Image Processing 

CI and C2 Fields include the nucleus of NGC 4472 
so that the background halo light is much brighter 
than the globular clusters in the images. Therefore 
we need to subtract the galaxy halo light before doing 
photometry of the point sources in the images. 

We first construct smooth models of halo light us- 
ing ellipse fitting and median smoothing, then sub- 
tract these models from the original images. The 
subtraction works very well and the resulting images 
show clearly the point sources close to the center 
of NGC 4472. Cosmic rays in the images were re- 
moved and individual images of the same filter were 
combined into a single image using CRREJ task in 
IRAF/STSDAS. 

3.2. Aperture Photometry 

Crowding problem of the point sources seen in the 
HST images of NGC 4472 is negligible so that simple 
aperture photometry is good enough to derive reliable 
photometry of point sources. We have obtained the 
photometry of point sources in the images as follows. 

First, we find objects with 4 a threshold from the 
images prepared by combining all F555W and F814W 
images, using FIND in IRAF/DAOPHOT. Secondly, 
we derive aperture magnitudes of these objects from 
the combined images of each filter. For this we use 
CCDCAP designed for accurate apert ure photometr y 
of point sources in the HST images (Mighell 1998). 
We use the aperture radius of 2 pixels, the sky ra- 
dius of 5-8 pixels, and the hardness parameter of 0.8 
in CCDCAP. Thirdly, we derive the aperture correc- 
tions for the aperture radius of 0.5 arcsec using the 
bright point sources (which are mostly globular clus- 
ters) in each image, the results of which are listed in 
Table 2. Finally we derive standard magnitudes and 
colors of these objects following the description given 
in Holtzman et al. (1995a, b) and Kundu et al. 
(1999). We adopt the zero points of the magnitudes 
given in Holtzman et al. (1995a, b). We have tried 
to measure the excess light of bright globular clusters 
compared with the stellar point spread function over 
the aperture region larger than the radius of 0.5 arc- 



sec, as Puzia et al. did. However, it is found that 
it is not possible to measure reliably the amount of 
the excess light, because of low signal-to- noise ratios 
for the outer region. The final photometry reaches 

'--^ 28 mag, and the total number of objects in the 
photometry list is about 5670. 

It is not easy to secure reliable photometry of the 
objects in the HST WFPC2 images as ours, espe- 
cially due to difhculty in measuring the sky value 
and deriving the aperture correction. Fortunately we 
can check the accuracy of the photometry using the 
objects located in the overlapped region among the 
HST fields. C2 field (that was not used by Puzia 
et al. 1999) is overlapped with CI field and N field 
so that it is very useful for checking externally the 
accuracy of the photometry of CI and N fields. Ta- 
ble 3 and Fig. 2 show the comparison of the pho- 
tometry for the point sources common among the 
HST fields. In general the photometry of the objects 
show good agreement among the overlapped fields, 
and the mean differences of the photometry for the 
total sample are Ay = 0.001 ± 0.049 (N = 52) and 
A/ = -0.026 ± 0.051 (N = 59). This result shows 
that the sky measurement and aperture correction in 
our photometry are reliable. 

3.3. Image Classification 

There are included both point sources and ex- 
tended sources in the list of the detected objects, 
and these are foreground Galactic star, globular clus- 
ters in NGC 4472, or background galaxies. Here we 
mean galaxies by extended sources, and mean stars 
and globular clusters (even though they are some- 
what resolved) by point sources. Point sources are 
indeed mostly globular clusters rather than stars, as 
will be shown later. We have selected point sources 
from the list of the detected objects using the mor- 
phological classifier r_2 moment, an indicator for the 
degre e of centra l concentration of light of an ob- 
ject ( Kron 1980 ). r_2 moment is defined as r_2 = 
E.U. - sky)/ TMh - sky)/ir^ + 0.5)}] V^. 

We have calculated the values of r_2 for < 3 pix- 
els for the detected objects. The range of r_2 defined 
by the obvious bright point sources are derived to be 
1.136 < r^2{V) < 1.405, 1.176 < r_2(/) < 1-465 for 
the PC images, and 0.966 < r^2{V) < 1.286, and 
1.027 < r_2(/) < 1-310 for the WF images. The ob- 
jects with r_2 in these range are classified as point 
sources. It turns out that most of the objects in the 
photometry list are extended sources. About 1560 
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objects among the 5670 detected objects were classi- 
fied as point sources, and the rest as extended source. 
These point sources are considered as a final sample 
of the point sources for the following analysis. Pho- 
tometry of the bright point sources with V < 22 mag 
are listed in Table 4. Most of these objects are located 
at r < 1.1 arcmin from the center of NGC 4472, and 
some of them are located out to r ~ 4 arcmin (in the 
N Field and S Field). 

3.4. Comparison with Previous Photometry 

We have compared our photometry with the Puzia 
et al.(1999)'s for the globular clusters common be- 
tween the two studies, as displayed in Fig. 3. Fig. 
3 shows that our V and / magnitudes are on aver- 
age fainter than the Puzia et al.'s, but that the colors 
agree very well between the two. The mean differ- 
ences between this study and Puzia et al. are AV = 
+0.14 ± 0.05 mag for 157 objects with 20 < F < 23 
mag. A/ = +0.15 ± 0.05 mag for 176 objects with 
19 < J < 22 mag, and A{V - I) = -0.01. 

It appears that there are two causes for the pho- 
tometric differences between the two studies which 
used the same original HST data. First, part of the 
difference (0.1 mag) is due to the fact that Puzia et 
al. made a mistake in standard calibration. If the 
Holtzman zero points that are given for the 0.5 ra- 
dius arcsec aperture are used, the additional aperture 
correction of 0.1 mag is not needed to derive the total 
magnitudes (see Holtzman et al. 1995a,b). However, 
Puzia et al. applied this correction, making systemat- 
ically their magnitudes 0.1 mag too bright. Secondly, 
part of the difference (0.04-0.05 mag) may be due to 
different methods used in the two studies. We used 
CCDCAP for the aperture photometry of the point 
sources in the images where the galaxy light is sub- 
tracted, while Puzia et al. used Sextractor (Bertin 
& Arnouts 1996) for the original images. It is not 
unexpected that 0.04-0.05 mag difference exists be- 
tween the different methods of photometry. It is also 
noted that the scatter in the difference in Fig. 3 is 
larger than the scatter in the difference among the 
objects in the overlapped images in our photometry 
shown in Fig. 2, indicating that the mean errors in 
our photometry are smaller than the Puzia et al.'s. 

Puzia et al. derived also additional aperture cor- 
rections for the 0.5 arcsec radius aperture to the in- 
finite radius aperture for the globular clusters, using 
the modeled light profiles: Cy = 0.050 ± 0.015 mag, 
Ci = 0.080 ±0.010 mag, and C(y_/) = 0.030 + 0.018. 



Since the modeled light profiles given by Puzia et al. 
do not match well the bright globular cluster pro- 
files at the outer radius (as shown in their Fig. 1), 
it is difficult to estimate how reliable the above cor- 
rections are. Above comparison of the photometry is 
based on the Puzia et al.'s photometry before these 
corrections are applied. If these corrections are in- 
cluded, the magnitude differences between the two 
studies become larger: AV = +0.19 + 0.05 mag, 
Al = +0.23 ± 0.05 mag, and A{V - I) = +0.01. 

3.5. Artificial Cluster Experiments 

We have tested completeness of our photometry 
using artificial cluster experiment. We have chosen 
as a test field a field covered by the PC chip for the 
CI Field. This PC field includes the nucleus of NGC 
4472 in the center of the image so that incompleteness 
for this field is the most severe among the fields used 
in this study. 

We have derived empirical point spread function 
of the clusters using several isolated brightest clus- 
ters in the images and have created artificial clusters 
with different magnitudes by scaling down the images 
of the selected ones. We have created 1000 artificial 
clusters in 10 images for each filter. Then we have re- 
peated the same reduction procedure to estimate how 
many objects are recovered from the artificial images. 
The completeness factors and mean photometric er- 
rors obtained in this way are displayed in Fig. 4. Fig. 
4 shows that our photometry is complete for V < 24 
mag, 90% complete at F w 24.6 mag, and 50% com- 
plete at y « 25.2 mag (at / w 23.6 mag) for the 
region at 10 < r < 25 arcsec. In the innermost region 
at r < 10 arcsec, completeness of our photometry is 
much lower than the outer region: the completeness 
is 100% for V < 23.7 mag, and 50% at V ^ 24.5 
mag. The photometry of the other fields must be 
more complete than this PC field, because the contri- 
bution due to varying galaxy light in the other field 
is much weaker than this PC field. 

From this test it is concluded that our photometry 
is almost complete (> 95%) for V < 24.2 mag except 
for the innermost region at r < 10 arcsec. We created 
a final sample of bright globular clusters with V < 
23.9 mag used for the analysis of the color of globular 
clusters, and this sample is considered to be complete. 
The number of the bright globular clusters with V < 
23.9 mag in the region at r < 10 arcsec is only 11 so 
that it is negligible compared with the total sample 
of bright globular clusters used in this study. 
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4. COLOR-MAGNITUDE DIAGRAM 

Figs. 5(a) and 5(b) display the V-{V — /) dia- 
grams of the measured point sources (about 1560 ob- 
jects) and extended objects (about 4110 objects), re- 
spectively. In general, basic features seen in Fig. 5 
are similar to those seen in the color-magnitude dia- 
grams of NGC 4472 obtained from the ground-based 
observations by Geisler et al. (1996), but the HST 
data go much deeper than the ground-based data. 
Fig. 5(a) shows a dominant vertical feature at the 
color range of 0.8 < {V — I) < 1.5, extending up to 
V « 19.3 mag. The objects seen in this feature are 
mostly globular clusters in NGC 4472. Contamina- 
tion due to foreground stars is considered to be neg- 
ligible for this feature. We consider the point sources 
with 0.75 < {V — I) < 1.45 as globular cluster candi- 
dates from now on. A small number of point sources 
bluer or redder than this range are probably not the 
members of NGC 4472. 

The vertical structure in the color-magnitude dia- 
gram appears obviously to consist of two components: 
one relatively blue component (0.75 < {V — I) < 1.08) 
and the other relatively red component (1.08 < (V^ — 
I) < 1.45). We call them, the blue globular clusters 
(BGCs) and red globular clusters (RGCs), respec- 
tively. We create a sample of the bright globular clus- 
ters with V < 23.9 mag for the detailed analysis of the 
globular cluster system, considering the photometric 
errors and the degree of non-member contamination. 
The boxes in Fig. 5 represent the boundary of these 
bright globular clusters. The numbers of the blue 
and red globular clusters with V < 23.9 mag are 263 
and 346, respectively. The relative abundance of the 
BGCs and RGCs derived for the inner region of NGC 



447 2 in this study is opposite to that based on the 
outer region of NGC 4472 where there are more BGCs 
than the RGCs ( [Geisler et al. 1996| ). These bright 
globular clusters are a final sample used for the anal- 
ysis of the colors of the globular clusters later. Fig. 6 
displays the positions of the BGCs, RGCs and faint 
globular cluster candidates with 0.75 < (V—I) < 1.45 
and 23.9 < V < 26 mag. The property of these two 
components will be discussed in detail later. 

On the other hand, most of the extended objects 
seen in Fig. 5(b) are fainter than V w 24.5 mag. 
These are mostly faint background galaxies, as are of- 
ten seen in the deep HST images such as the Hubble 
Deep Field ([WiUiams et al. 19961). The striking dif- 



point sources and that of the extended sources shows 
that the image classification used in this study works 
very well for the HST data. A sharp drop in the num- 
ber of the extended objects seen a.t V < 24.5 mag in 
Fig. 5(b) shows that there are few globular clusters 
candidates among the extended objects, while a large 
color scatter in the faint magnitudes seen in Fig. 5(a) 
indicates that there are some contamination due to 
galaxies in the faint point sources. 

We have cross-identified about 190 bright point 
sources with 18.5 < Ti < 22.0 mag common between 
this study and Geisler et al. (1996). Fig. 4 displays 
the relation between {V — I) and (C — Ti) colors of 
these objects. Using the colors and magnitudes of 
these objects, we have derived transformation rela- 
tions between VI system and CTi system: 

(V-I) = 0.443(C-Ti)-h0.396 for (C-Ti) < 2.62 
with cr = 0.067, 

(V-I) = 1.560(C-Ti)- 2.533 for (C-Ti) > 2.62 
with fT = 0.083, and 

F = Ti + 0.110(C - Ti) + 0.024(C - Ti)^ + 0.444 
with a ^ 0.097. 

Fig. 7 shows the color transformation relation ob- 
tained in this study in comparison with the relation 
derived from the photometry of the standard stars by 
Geisler (1996): {V - I) = 0.514(C - Ti) + 0.115 and 
V ^Ti + 0.256(C - Ti) + 0.052. The (V - /) colors 
derived from the relation obtained in this study is sys- 
tematically redder than those derived from Geisler's 
relation (by ^ 0.1 mag for the color of (C — Ti) = 1.5 
corresponding to the mean color of the globular clus- 
ters). We have used the relations derived here for 
combining the HST VI data in this study with the 



ground-based CTi data (Geisler et al. 1996;Lcc ct al 
1998| ) for further analysis. 



In this study we adopt the foreground reddening 
E{B -V)= 0.0224 given by Schlegel, Finkbeiner, 
& Davis (1998), while we adopted a zero foreground 
reddening given by Burstein & Heiles (1982) in our 
previous studies ( peisler et al. 1996 ; Lee et al. 1998). 
For the extinction to reddening ratio Ay = 3.1E{B — 
V), corresponding values are Ay = 0.07, Aj ~ 0.03, 
and E(y -I) = 0.03. 

5. GLOBULAR CLUSTER LUMINOSITY 
FUNCTION 



ference between the color-magnitude diagram of the 
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5.1. Distance Estimate for NGC 4472 

We have derived the luminosity functions of the 
globular clusters (GCLF), which are listed in Table 
5 and displayed in Fig. 8. In Fig. 8 the luminosity 
functions of the total sample look almost Gaussian, 
with a peak at V ~ 23.5 mag. 

We have fit a Gaussian function to the data for 
the range 20.0 < < 24.4 mag, for which our pho- 
tometry is almost complete. We derive the peak 
luminosities: V{ma.x) — 23.50 ± 0.16 mag and the 
width, cr = 1.19 ± 0.09, and /(max) = 22.40 ± 0.14 
mag and the width, a = 1.29 ± 0.14. Assuming 
the peak luminosity of the Galactic globular clus- 
ters of My(max) = —7.4 mag (Harris 1996;Lee et 
al. 1998) and the foreground extinction of Ay — 0.07 
mag, we derive a value for the distance to NGC 4472, 
(to - M)o = 30.8 ± 0.2 and d = 14.7 ± 1.3 Mpc. 

We have also compared the luminosity functions 
in this study with the Puzia et al.'s in Fig. 9. For 
this comparison we used the same fields as used by 
Puzia et al., CI, N and S Fields and plotted Puzia et 
al.'s luminosity functions before incompleteness cor- 
rection. Also we adjusted the Puzia et al.'s magni- 
tudes by -1-0.14 mag to match our photometry. Fig. 9 
shows that the luminosity functions in the two studies 
agree well for V < 23.5 mag, but that the luminos- 
ity function in this study is somewhat higher than 
Puzia et al.'s for V > 23.5 mag, especially for the 
BGCs. /-band luminosity functions also show simi- 
lar results, with some deviations for / > 22.5 mag. 
This indicates that our photometry is more complete 
than Puzia et al.'s before incompleteness correction. 
We could not compare the luminosity functions af- 
ter incompleteness correction, because the informa- 
tion given in Puzia et al. is not enough for compari- 
son. 

5.2. Comparison of the Peak Luminosity of 
the BGCs and RGCs 

We have investigated whether there is any system- 
atic difference in the peak value of the luminosity 
functions of the BGCs and RGCs. The V-hand lu- 
minosity functions of the BGCs and RGCs are also 
listed in Table 5 and displayed in Fig. 8. Fig. 8 shows 
that the shapes of the luminosity functions of the two 
populations are similar and that the peaks are at simi- 
lar luminosity. From Gaussian fitting to the data, we 
derive the values for the peak luminosity: y(max) 
= 23.53 ± 0.16 mag {a = 1.16 ± 0.11) for the BGCs, 



F(max) = 23.44 ±0.22 mag (cr = 1.16 ±0.13) for the 
RGCs, /(max) = 22.63 ± 0.26 mag (cr = 1.24 ± 0.20) 
for the BGCs, and /(max) = 22.30 ± 0.17 mag (cr = 
1.32 ± 0.21) for the RGCs. Therefore the peak lu- 
minosities of the BGCs and RGCs are similar within 
the errors. This result is consistent with the results 
based on the data of the globular clusters in the outer 
region of NGC 4472 ( |Lee et al. 199^ ). 

The derived values of the sigma for the two popu- 
lations are exactly the same for the T^-band, and are 
slightly different for the /-band. If we constrain the 
sigma as the mean of the two, 1.28, for the /-band, we 
get /(max) = 22.69 ±0.13 mag and 22.37 ±0.09 mag, 
respectively, for the BGCs and RGCs. This shows 
that the difference between the BGCs and RGCs is 
changed little by constraining the sigma. 

The color chosen as the boundary between the 
BGCs and RGCs, combined with observational er- 
rors in color, may affect somewhat the luminosity 
function that is determined for each group. However, 
above results are expected to be changed, if any, lit- 
tle, because there is a clear minimum separating be- 
tween the BGCs and RGCs in the color distribution, 
and because the total numbers of the clusters in each 
population are not much different. We performed 
a Kolmogorov-Smirnov test for the samples derived 
using the color boundary which is 0.05 mag differ- 
ent from the chosen value. This value of 0.05 mag 
is five times larger than the mean error of the cho- 
sen value. The Kolmogorov-Smirnov test shows that 
the two populations derived using the color boundary 
which is 0.05 mag different from the chosen value are 
the same as the original samples with a probability 
of 80%. Therefore this effect is found to affect little 
above results. 

On the other hand, Puzia et al. suggested that 
the peak luminosities of the BGCs are 0.4-0.5 mag 
brighter than those of the RGCs: V{max) ~ 23.62 ± 
0.09 mag and /(max) = 22.48 ± 0.07 for the BGCs, 
and V{max) = 24.13 ± 0.07 mag and /(max) = 
22.90 ± 0.11 for the RGCs. If we adjust Puzia et al's 
magnitudes to match our photometry as shown be- 
fore, these values will be changed to ^(max) = 23.76 
mag and /(max) = 22.63 for the BGCs, and V{max) 
= 24.27 mag and /(max) = 23.05 for the RGCs. 
Therefore the peak luminosities for the BGCs in this 
study are similar to the Puzia et al.'s, but the peak 
luminosities for the RGCs in this study as much as 
0.8 mag brighter than the Puzia et al.'s. 

The causes for this large difference for the RGCs 
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between the two studies are not clear. However, there 
are a few reasons that our results are considered to be 



mo^e reliable than the Puzia et al.'s. First, the peak 



cal effects are expected to be strongly enhanced in 
the inner region of the galaxies (Ostriker & Gnedin 
1997|;pncdin 1997|;Murah & Weinberg 1997a,b,c). As 



luminosity differences between the BGCs and RGCs 
given by Puzia et al. are significantly different be- 
tween the CI Field and (N+S) Fields: = -0.42 
mag and A/ = —0.21 mag for the Cf Field, and 
AV = -0.68 mag and AI = -0.64 mag for the (N+S) 
Fields. This indicates that there may be some prob- 
lems in the data even after the incompleteness correc- 
tio n of their sample. Secondly, our sample of globular 



clu sters is about 30% larger than Puzia ct al.'s (bc- 



cause we included the C2 field which was not used 
by Puzia et al.). Thirdly, our photometry is more 
complete than Puzia et al.'s. 

Puzia et al. used further these differences in magni- 
tudes between the BGCs and RGCs to investigate any 
age differences between the two components. From 
the comparison of the peak luminosities of the BGCs 
and RGCs with the simple stellar population models 
(Worthey 1994; Bruzual and Chariot 1996; Maraston 
1998; Kurth et al 1999) Puzia et al. concluded that 
0.4 - 0.5 mag differences between the two components 
indicate that the BGCs and RGCs are coeval within 
the errors of ^ 3 Gyrs. However, our results indi- 
cate that the RGCs are several Gyrs younger than 
the BGC, if we use the same models used by Puzia et 
al. (their Figures 9, 10, 11 and 12). 

Our result on the age difference is similar to the 
results for the globular clusters in the inner region of 
M87 (Kundu et al. 1999). Kundu et al. (1999) found 
from the analysis of the WFPC images of the inner re- 
gion of M87 that the BGCs are 0.2-0.3 mag brighter 
than the RGCs at y-band, and that the RGCs are 
0.06 mag brighter than the BGCs at /-band, and sug- 
gested that the RGCs may be 3-6 Gyrs younger than 
the BGCs. 

5.3. Spatial Variation of the Luminosity Func- 
tion 

Globular clusters in the inner region of giant galax- 
ies are ideal targets to study the dynamical effects 
on the globular cluster system due to external pro- 
cesses. Primary external processes driving dynami- 
cal evolution of globular clusters are tidal shocks and 
dynamical friction. According to the theoretical pre- 
diction, the most massive clusters will be preferen- 
tially depleted by dynamical friction, while less mas- 
sive clusters with lower density will be more efficiently 
destroyed by tidal shocks. These external dynami- 



results of these effects, it is expected that the glob- 
ular cluster luminosity function for the inner region 
of a galaxy will get flatter than that for the outer re- 
gion, and the peak luminosity for the inner region will 
get brighter than that for the outer region. However, 
several observational studies found little evidence sup- 
porting these theoretical predictions in the case of the 
globular clusters of M87 ( Harris et al. 1998 ; Kundu el 
al. 1999|) . 



NGC 4472 is another good galaxy to study this 
aspect. We have investigated whether the globular 
cluster luminosity function of NGC 4472 shows any 
systematic variation on the galactocentric distance, 
using three methods: a) the slope of the bright glob- 
ular cluster luminosity function, b) the peak luminos- 
ity of the globular cluster luminosity function, and 
c) the mean luminosity of the bright globular clus- 
ters. Fig. 10 displays the globular cluster luminosity 
function for five radial bins. We have fit the data for 
the bright part in the range of 21.5 < V < 23.5 mag 
using a logarithmic line to check any systematic vari- 
ation in the slope, the results of which are shown by 
the dashed line. There is seen little systematic vari- 
ation depending on the galactocentric radius in the 
logarithmic slope of the bright part of the luminosity 
function. Next we display the peak luminosity of the 
V and / bands globular cluster luminosity function for 
each radial bin in Fig. 11. Fig. 11 shows little sys- 
tematic variation of the peak luminosity depending on 
the galactocentric radius within r — 2.5 arcmin. The 
peak luminosity at the outermost position of r = 3.3 
arcmin seems to be 0.3 mag fainter than the mean 
value shown by the dashed line in Fig. 11. This may 
be either an intrinsic property of the globular clusters 
or may be caused by the fact that the degree of field 
contamination due to background galaxies is increas- 
ing in the outer region (see the asymmetric globular 
cluster luminosity function for 2'. 67 < r < 4'. 00 in 
Fig. 10). This point needs to be checked with simi- 
lar HST observations for larger areas in NGC 4472. 
However, the following result indicates that the first 
possibility is low. 

We have calculated the mean luminosity of the 
bright globular clusters with 20 < < 23.5 mag. The 
magnitude range is chosen that the resulting mean lu- 
minosity is not affected at all by incompleteness in our 
photometry. Fig. 12 displays the mean luminosity 
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of the globular clusters versus galactocentric radius 
based on the HST data, and Table 6 lists the linear 
fits to the data. Fig. 12 shows that there is little, 
if any, change in the mean luminosity of the bright 
globular clusters for the region at r < 4 arcmin from 
the center of NGC 4472 (the determined values of the 
slope are smaller than the errors). This result is simi- 
lar to that of the globular clusters in the inner region 



of M87 ( [Harris et al. 1998| ; |Kundu ct al. 1999| ). 

Then we have combined these HST data with 
those for the outer region of NGC 4472 given by 
Geisler et al. (1996) to investigate any gradient of 
the mean luminosity over a large range of radius, the 
results of which are illustrated in Fig. 13. Fig. 13 
shows that the mean luminosity of the BGCs is clearly 
decreasing by about 0.2 mag over the range of r = 9 
arc min (the slope = 0.024 ili 0.010 for V and /), while 



the mean luminosity of the RGCs is almost constant 
over the same range of radius. This result of the dif- 
ference between the BGCs and RGCs is not affected 
by the errors involved with combining the HST data 
and the ground-based data, because it is based on the 
globular clusters with the same magnitude range. 

Therefore it is concluded that there is little sys- 
tematic variation of the globular cluster luminosity 
function within the range of r = 4 arcmin, and that 
the BGCs on average become fainter by 0.2 mag with 
the increasing galactocentric radius over the range of 
9 arcmin, while the RGCs do not. This result shows 
that the external dynamical effects are much weaker 
than the theoretical predictions for the globular clus- 
ter systems in NGC 4472. The cause for the 0.2 mag 
variation of the mean luminosity seen only for the 
bright BGCs is unclear. If it is due to dynamical ef- 
fects, it may indicate that the BGCs are older than 
the RGCs. 

6. GLOBULAR CLUSTER COLOR DISTRI- 
BUTION 

We have derived a color distribution of the bright 
globular clusters with V < 23.9 mag in NGC 4472, 
which is listed in Table 7 and displayed in Fig. 14. 
Fig. 14 shows that the color distribution of the globu- 
lar clusters is clearly bimodal. From double-Gaussian 
fitting to the data, we have derived the peak col- 
ors [V - I) = 0.975 ± 0.005 with a = 0.076, and 
{V-I) = 1.233 ±0.006 with a = 0.094. These results 
agree very well with those given for V < 23.75 mag 
by Puzia et al. (1999): {V ~ I) = 0.99 ± 0.01 and 



1.24 ±0.01, respectively. 

Using the relation between {V — I) and metallic- 
ity of Galactic globular clusters given by Kundu & 
Whitmore (1998), [Fe/H] = -5.89 + 4.72(^-7), and 
adopting the reddening of E{V — 1) — 0.03, we derive 
the peak metallicities [Fe/H] = —1.41 and -0.23 dex 
for the BGCs and RGCs, respectively, from the peak 
colors. (If we use the slightly different relation used 
by Harris et al. (1998), [Fe/H] = -6.67 + 5.56(^-7), 
we derive [Fe/H] = -1.39 and +0.00 dex for the 
BGCs and RGCs, respectively.) The mean color of 
the bright globular clusters with V < 23.9 mag is de- 
rived to be (V — I) = 1.11 + 0.01 (m.e.), corresponding 
to the metallicity of [Fe/H] ^ -0.79±0.05 dex. These 
results for the peak metallicity are in good agreement 
with the results for th e globular clusters i n the outer 



19981 ) 



regio n of NGC 4472 (|Geisler et al. 1996| ; |Lee et al 



However, the relative abundance of the BGCs and 
RGCs is opposite between t he inner region (thi s 
study) and the outer region ( Geisler et al. 1996 ). 
In the inner region, the RGCs are more numerous 
than the BGCs, while it is opposite in the outer re- 
gion. Fig. 15 displays a radial variation of the color 
distribution of the bright globular clusters. It shows 
that the relative number of the BGCs to that of the 
RGCs is increasing as the galactocentric distance is 
increasing. 

In Fig. 16 we display a radial variation of the num- 
ber of the BGCs to that of the RGCs (= N(BGC) /N(RGC)). 
We also plot the data of the globular clusters with 
Ti < 23 mag in the outer region of NGC 4472 de- 
rived from Geisler et al. (1996). Fig. 16 shows 
that the radial variation of the ratio is consistent be- 
tween the inner region and the outer region. The 
ratio N(BGC)/N(RGC) increases continuously out to 
the limit of the data, ~ 9 arcmin. 

7. SPATIAL STRUCTURE OF THE GLOB- 
ULAR CLUSTER SYSTEM 

We have investigated the spatial structure of the 
globular cluster system in NGC 4472 using the sam- 
ple of the bright globular clusters with V < 23.9 mag. 
Without the 77 ST data it is very difficult to study the 
spatial structure of the globular cluster systems in the 
central region of NGC 4472. Fig. 17 displays the spa- 
tial positions of these objects in the central 2.4 x 2.4 
arcmin^ region of NGC 4472. It is seen immediately 
in Fig. 17 that the RGCs are more centrally concen- 
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trated than the BGCs. Radial and azimuthal struc- 
tures of the globular cluster system are studied in the 
following. 

7.1. Radial Structure 

7.1.1. Surface Number Density 

We have derived radial profiles of the surface num- 
ber density of the globular clusters with V < 23.9 
mag, which are listed in Table 8 and are displayed in 
Fig. 18. Fig. 18 shows (a) that the surface density 
increase with decreasing radius, (b) that the surface 
density profiles of both the RGCs and BGCs get fiat 
in the central region, and (c) that the surface density 
profile of the RGCs is steeper than that of the BGCs. 

The surface density profiles within r ^ 2 arcmin 



are approximately fit by King models(King 1966): 
core radius — 1.3 arcmin (= 6.0 kpc), concentration 
parameter c — log(rj/rc) = 3.0 (where is a tidal 
radius), and peak surface density <tgc{Q) = 81.3 clus- 
ters arcmin"^ for the total sample, rc = 1.9 arcmin 
8.7 kpc), c = 2.25, and ctgc{0) = 26.0 clusters 
arcmin^^ for the BGCs, and rc = 1.2 arcmin (= 5.5 
kpc), c = 2.25, and o-gc(O) = 51.3 clusters arcmin"^ 
for the RGCs. The core radius of the globular cluster 
system derived here is much larger than that of the 
stellar halo, rc = 3.6 arcsec (= 280 pc) given by Kim, 
Lee & Geisler (2000). 

In Fig. 19 we display both the surface density pro- 
files for the globular clusters in the inner region de- 
rived in this study and those for the globular clusters 
with Ti < 23.0 mag in the outer region given by Lee 
et al. (1998). The lower limit for the outer glob- 
ular cluster sample, Ti = 23.0 mag, corresponds to 
V « 23.7 mag for the mean color of the globular clus- 
ters. We plot the surface density profile of the inner 
globular clusters with V < 23.7 mag in Fig. 19. Note 
that the surface density profiles of both data agree 
approximately for the overlapped region at 1 < r < 3 
arcmin. The surface density profiles of the combined 
data of the outer region at r > 55 arcsec are well fit 
by de Vaucouleurs law: 



logCTGC = -1.318(±0.048) 



,1/4 _ 



the total sample, 

log CTGC = -0.890(±0.058)ri/4 + 
the BGCs, and 

logCTGC = -1.778(±0.063)ri/4-|- 
the RGCs, 

where r is given in units of arcmin. 



2.905(±0.062) for 
2.087(±0.076) for 
3.148(±0.080) for 



7.1.2. Color 

We have derived the radial profiles of the mean 
and median color of the globular clusters, which are 
listed in Table 9 and displayed in Fig. 20. We also 
displayed the radial profile of the color of the halo of 
NGC 4472 in Fig. 20 to compare the globular clusters 
and halo of NGC 4472. We have transformed the 
(C - Ti) color of the halo of NGC 4472 (Kim, Lee & 
Geisler 2000) into the {V — I) color using the relation 
derived in this study. Fig. 20 shows (a) that the mean 
color of the total sample of globular clusters decreases 
with increasing radius for r > 1 arcmin, (b) that the 
mean colors of the BGCs and RGCs change little with 
increasing radius, and (c) that the profile of the RGCs 
is very similar to that of the halo. These results are 
consistent with those for the outer region given in Lee 
et al. (1998). 

Fig. 21 shows the radial profiles of the metallic- 
ity of the globular clusters derived from the colors 
based on this study (filled circles) and Geisler et al. 
(1996) (open circles). The mean metallicity is increas- 
ing with decreasing galactocentric radius. However, 
the metallicity becomes almost constant within r ^ 1 
arcmin, where the surface number density of the glob- 
ular clusters is almost constant as shown in Fig. 18. 

Interestingly Harris et al. (1998) also pointed out 
a similar trend from the ground-based data for M87: 
the mean metallicity of the globular clusters in M87 
is almost constant for r < 1 arcmin. However, Kundu 
et al. (1999) mentioned that their observations of the 
inner region of M87 based on the HST data do not 
provide any compelling supporting evidence for the 
claim by Harris et al. (1998). 

The metallicity profile for the combined sample of 
the inner region and outer region (r > 50 arcsec) is 
fit by [Fe/H]= -0.390(±0.054) logr -t- 0.120(±0.124) 
with (7 = 0.037, where r is given in terms of arcmin. 
This result is very similar to that derived for the outer 
region, sho wn by the dashed lin e with a slope of -0.41 
in Fig. 21 ( [Geisler et al. 1996| ). 



7.2. Azimuthal Structure 

We have investigated the azimuthal distribution 
of the globular clusters. Fig. 22 displays azimuthal 
variations of the globular cluster number density for 
r < 1.1 arcmin where the areal coverage of the HST 
data is complete. It shows that the total sample has 
obvious peaks at a position angle of 160 and 340 deg 
and that the RGCs have a peak at 160 deg, while 
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the BGCs show an almost uniform distribution. The 
presence of only one peak instead of two for the RGCs 
is due to the asymmetric distribution of the globular 
clusters extended along the south-east direction, as 
shown in Fig. 17. 

8. DISCUSSION 

8.1. Comparison of the Globular Clusters in 
the Inner and Outer Regions of NGC 
4472 

In this study we have investigated several aspects 
of the globular clusters in the inner region of NGC 
4472: color-magnitude diagram, luminosity function, 
color distribution, and spatial structure of the globu- 
lar cluster system. HST data enable us to study the 
globular clusters located close to the nucleus of NGC 
4472, which was difficult in the case of ground-based 
data. 

We have compared these results to those of the 
globular clusters in the outer region of NGC 4472 
dCcislcr et al. 1996|jLcc et al. 1998|), finding that 



the properties of the globular clusters in the inner re- 
gion and the outer region of NGC 4472 are in general 
similar. The only exception is that there are more 
RGCs than the BGCs in the inner region, while it 
is opposite in the outer region. However, this is also 
expected from the relation of N(BGC)/N(RGC) and 
galactocentric distance derived from the data of the 
outer region. 

Implications of the results based on the globular 
clusters in the outer region of NGC 4472 for the ori- 
gin of the globular clusters were discussed in detail 
in Lee et al. (1998), which remain still valid with 
the new results for the globular clusters in the in- 
ner region of NGC 4472. In summary, the observed 
properties are consistent with many of the predictions 
of both the model of episodic in situ formation plus 
tidal stripping of globular clusters given by Forbes, 
Brodie & Grillmair (1997), and the gaseous merger 
model given by Ashman & Zepf (1992), but each of 
the models also has some problems. 

8.2. Comparison of the Globular Clusters in 
the Inner Regions of NGC 4472 and M87 

NGC 4472 and M87 (NGC 4486) are the two most 
dominant galaxies in the Virgo cluster. NGC 4472 
is the brightest member of the Virgo cluster, but not 
a cD galaxy, while M87 is a cD galaxy at the cen- 



ter of the Virgo cluster and is only slightly fainter 
than NGC 4472. M87 has been a target of much 
more studies than NGC 4472. Recently Kundu et 
al. (1999) presented a study of 1057 globular clus- 
ters in the inner region (r < 1.5 arcmin) based on the 
HST WFPC2 data of a field centered on the nucleus 
of M87. The areal coverage of their data is similar to 
that of CI and C2 Fields in our study. Kundu et al. 
adopted foreground extinctions of Ay — 0.067 ± 0.04 
and A/ = 0.032 ± 0.02 in their study of M87, which 
are the same adopted for NGC 4472 in this study. We 
have compared the properties of the globular clusters 
in the inner region of these t wo galaxies based o n the 
similar data (this study and Kundu et al. 199£ ) . 

The luminosity function of the M87 globular clus- 
ters has a peak at Vo(max) = 23.67 ± 0.07 mag with 
cr = 1.39 ± 0.06, which are slightly larger than that 
of NGC 4472, Vo(max) = 23.43 ± 0.08 mag with 
a = 1.19 ± 0.09. Thus NGC 4472 is considered to 
be slightly closer than M87. The luminosity function 
of the M87 globular clusters does not show any signif- 
icant spatial variation over the radius of 1.5 arcmin, 
similarly to the case of NGC 4472. 

The color distribution of the globular clusters in 
M87 is also bimodal. The peak colors are {V — /)o = 
0.95 and 1.20 and the mean color of the total sample 
is {V — I)o = 1.09. These values are essentially the 
same as those of the globular clusters in NGC 4472, 
{V-I)o = 0.95, 1.20 and 1.08. Thus the characteristic 
colors of the globular clusters in NGC 4472 and M87 
are almost the same. 

The surface number density profiles of the globu- 
lar clusters are flat in the central regions of both M87 
and NGC 4472. The core radii of the globular clus- 
ters in the inner region of M87 and the stellar halo 
are, respectively, 56 arcsec and 6.8 arcsec (Kundu et 
al. 1999). Therefore the core of the globular clus- 
ter system in M87 is somewhat smaller than that of 
NGC 4472, 78 arcsec, while the core of the stellar 
halo in M87 is twice larger than that of NGC 4472, 
3.6 arcsec. The relative number of the BGCs to that 
of the RGCs in M87 is also increasing with increas- 
ing galactocentric radius, as in the case of NGC 4472. 
The absence of the spatial variation of the globular 
cluster luminosity function and the core radius of the 
globular cluster systems larger than the stellar core 
of the galaxies are considered to support the sugges- 
tion that the large core of the globular cluster sys- 
tems is a relic of the cluster formation process rather 
than a result due to destruction through tidal shock- 
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ing and dynamical friction (Grillmair, Pritchet, & van 
den Bergh 1986, Harris et al. 1998). 

However, the surface central number density of the 
globular clusters is about six times larger in M87 (460 
clusters arcmin"^) than in NGC 4472 (81 clusters 
arcmin"^). This indicates that the conditions of for- 
mation process of globular clusters might have been 
different between M87 and NGC 4472. 

In summary, we conclude that the properties of the 
globular clusters in the inner regions of NGC 4472 and 
M87 arc very similar in general. The only significant 
difference is that the surface central number density 
of the globular clusters (and the specific frequency of 
the globular clusters correspondingly) is much higher 
in M87 than in NGC 4472. 

9. SUMMARY AND CONCLUSION 

We have presented VI photometry of the globular 
cluster candidates in the inner (r < 4 arcmin) region 
of NGC 4472, derived from the HST WFPC2 archive 
data for the four fields of NGC 4472. We have found 
about 1560 globular cluster candidates from the colors 
and image classifiers. Primary results and conclusions 
obtained in this study are summarized as follows. 

1. The color-magnitude diagram of the measured 

point sources shows a dominant vertical struc- 
ture at the color range of 0.75 < (V — 7) < 1.45, 
most of which are globular clusters in NGC 
4472. This structure consists obviously of two 
populations: the blue globular clusters and the 
red globular clusters. 

2. The luminosity function of the globular clusters 
is well fit by a Gaussian function with a peak 
atV = 23.50 ± 0.16 mag and a = 1.19 ± 0.09. 
Prom this the distance to NGC 4472 is derived 
to be d = 14.7 ± 1.3 Mpc. The globular cluster 
luminosity function shows little systematic vari- 
ation depending on the galactocentric radius. 
There is little difference in the peak luminosity 
between the BGCs and RGCs. This indicates 
that the RGCs may be several Gyrs younger 
than the BGCs, contrary to the conclusion given 
by Puzia et al. (1999). 

3. The color distribution of the 609 bright glob- 
ular clusters with V < 23.9 mag is distinc- 
tively bimodal with peaks at {V — I) = 0.975 
and 1.233. The metallicities corresponding to 



these peaks are [Fc/H] = -1.41 and -0.23 
dex. The mean color of the bright globular 
clusters with V < 23.9 mag is derived to be 
{V — I) = 1.11 ± 0.01(m.e.), corresponding to 
the metallicity of [Fe/H] = -0.79 ± 0.05 dex. 

4. The ratio of the number of the BGCs to that 
of the RGCs is increasing with increasing galac- 
tocentric radius from the center out to about 
9 arcmin. Thus the RGCs are more centrally 
concentrated than the BGCs. 

5. The surface number density profile of the globu- 
lar clusters in the inner region is approximately 
fit by a King model with core radius Vc = 1.3 
arcmin, while that of the globular clusters in the 
outer region is better fit by de Vaucouleurs law. 
The core radius of the globular cluster system 
obtained in this study is much larger than that 
of the stellar halo. 

6. The mean colors of the BGCs and RGCs change 

little with increasing radius, and the mean color 
of the RGCs is very similar to that of the stellar 
halo of NGC 4472. 

7. The radial gradient of the metallicity of the en- 
tire sample of the globular clusters with V < 
23.9 mag is approximately fit by [Fe/H] = —0.390 log r 
-1-0.120 with a = 0.037, where r is given in the 
unit of arcmin. 

8. In general the property of the globular clusters 
in the inner region of NGC 4472 is consistent 
with that of the globular clusters in the outer 
region of NGC 4472, except that there are more 
RGCs than the BGCs in the inner region. 



The authors are grateful to Sang Chul Kim for 
careful reading of the manuscript of this paper and 
to Thomas Puzia for providing the photometry data 
of the globular clusters of NGC 4472 used in Puzia et 
al. (1999) and useful information. Anonymous referee 
is thanked for useful comments. This research is sup- 
ported in part by the KOSEF/KISTEP International 
Collaboration Research Program (1-99-009). 

REFERENCES 

Ashman, K.M., & Zepf, S. E. 1992, ApJ, 384, 50 
Bertin, E., & Arnouts, S. 1996, A&AS, 117, 393 



12 



Bruzual, A. G., & Chariot, S. 1996, electronically 
available. See Leitherer, C, et al. 1996, PASP, 108, 
996 

Burstein, D., & Heiles, C. 1982, AJ, 87, 65 

Forbes, D. A., Brodie, J. P., & Grillmair, C. J. 1997, 
AJ, 113, 1652 

Gebhardt, K., & Kissler-Patig, M. 1999, ApJ, 118, 
1526 

Geisler, D. 1996, PASP, 111, 480 

Geisler, D., Lee, M. G., & Kim, E. 1996, AJ, 111, 
1529 

Gnedin, O. Y. 1997, ApJ, 487, 663 

Grillmair, C. J., Pritchet, C., & van den Bergh, S. 
1986, AJ, 91, 1328 

Harris, W. E. 1996, AJ, 112, 1487 

Harris, W. E., Harris, G. L. H., & McLaughlin, D. E. 
1998, ApJ, 115, 1801 

Holtzman, J. et al. (the WFPC2 team) 1995a, PASP, 
107, 156 

Holtzman, J. et al. (the WFPC2 team) 1995b, PASP, 
107, 1065 

Kim, E., Lee, M. G., & Geisler, D. 2000, MNRAS, in 
press 

King, L 1966, AJ, 71, 276 
Kron, R. 1980, ApJS, 43, 305 

Kundu, A. 1999, Ph.D. Thesis, University of Mary- 
land 

Kundu, A., Whitmore, B. C. 1998, AJ, 116, 2841 

Kundu, A., Whitmore, B. C., Sparks, W. B., Mac- 
chetto, F. D., Zepf, S. E., & Ashman, K. M. 1999, 

ApJ, 513, 733 

Kurth, O. M., Fritze-v. Alvensleben, U., & Fricke, K. 
J. 1999, A&AS, 138, 19 

Lee, M. G., Kim, E. & Geisler, D. 1998, AJ, 115, 947 

Maraston, C. 1998, MNRAS, 300, 872 
Mighell, K. 1998, private communication 



Murah, C., & Weinberg, M. D. 1997a, MNRAS, 288, 
749 

Murah, C., & Weinberg, M. D. 1997b, MNRAS, 288, 
767 

Murah, C., & Weinberg, M. D. 1997c, MNRAS, 291, 
717 

Ostriker, J. P., & Gnedin, O. Y. 1997, ApJ, 487, 667 

Puzia, T. H., Kissler-Patig, M., Brodie, J. P., & 
Huchra, J. P. 1999, AJ, 118, 2734 

Schlegel, D. J., Finkbeiner, D. P., & Davis, M. 1998, 
ApJ, 500, 525 

Williams, R. et al. 1996, AJ, 112, 1335 

Worthey, G. 1994, ApJS, 95, 107 



This 2-column preprint was prepared with the AAS lAT^^X 
macros v4.0. 



13 



NGC 4472 HST/WFPC2 FOV 



o 
o 
o 



o 

LJ 
Q 




R.A. (J2000) 



Fig. 1. — Digitized Sky Survey image of the 
region showing positions and orientations of the 
iI5'r/WFPC2 fields of NGC 4472. 
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Fig. 3. — Comparison of the photometry of the ob- 
jects common in this study and Puzia et al.(1999). 
The differences are given in terms of this study minus 
Puzia et al.'s. The solid lines represent the median 
value of the differences. 



Fig. 2. — Comparison of the photometry of the ob- 
jects common in overlapped regions between neigh- 
boring fields for V (a) and / (b). 
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Fig. 4. — (a) Completeness of our photometry for the 

PC chip of tlic CI Field, the center of which corre- 
sponds almost the center of NGC 4472. Therefore the 
incompleteness is expected to be the highest among 
the fic;lds used in this study. Different types of lines 
represent the regions at different radius from the cen- 
ter of NGC 4472. The vertical bars represent the level 
of 50% completeness, (b) Mean photometric errors 
versus magnitudes obtained from the artificial object 
experiment. 



20 



24 



26 



28 



20 



22 



24 



26 



28 



NGC 4472; point sources 



(a) 




extended sources 



V-I 



(b) 



Fig. 5. — (a) V vs. iy — /) diagram of the mea- 
sured point sources in the images of NGC 4472. The 
boundaries for the blue globular clusters (BGCs) and 
red globular clusters (RGCs) brighter than V = 23.9 
mag are marked by the boxes, (b) V vs. {V — I) dia- 
gram of the measured extended sources in the images 
of NGC 4472. 
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4 3 a 1 0-1-2-3-4 

Aa [arcmin] 

Fig. 6. — Positions of the globular cluster sam- 
ples. Open squares, filled triangles and dots repre- 
sent, respectively, the BGC with V < 23.9 mag, RGC 
with V < 23.9 mag and faint globular clusters with 
23.9 < y < 26 mag. 




1 2 



C-Tj 

Fig. 7. — {V — I) vs. (C — Ti) of the point sources 
in NGC 4472 common between this study and Geisler 
et al. (1996). The solid line represents double- linear 
fits to the data and the dashed line represents a trans- 
formation relation given by Geisler (1996). 
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Fig. 8. — F-band and 7-band luminosity functions 

of the globular cluster candidates in NGC 4472 (his- 
tograms) . The solid line, dashed line, and dotted lines 
represent, respectively, the luminosity functions for 
the total sample, RGCs, and BGCs. The curved lines 
show Gaussian fits to the data. 
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Fig. 9. — Comparison of the globular cluster lumi- 
nosity functions (before incompleteness correction) of 
this study (the solid line) and Puzia et al. (1999) (the 
dashed line). For the purpose of comparison, only CI, 
N and S fields are used to derive the luminosity func- 
tions, as used by the latter. Same color ranges are 
used for both samples: 0.75 < {V - I) < 1.08 for the 
blue globular clusters and 1.08 < {V — I) < 1.45 for 
the red globular clusters. V magnitudes of Puzia et 
al.'s are adjusted by -i-0.14 mag to match our pho- 
tometry. Note that there are somewhat more objects 
at V > 23.5 mag in this study than in Puzia et al., 
showing that our sample is more complete than the 
latter. 
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Fig. 10. — Radial variation of the globular cluster 
luminosity function for NGC 4472. The dashed lines 
represent logarithmic fits to the data for the range 
of 21.5 < V < 23.5 mag. Note that there is little 
systematic change in the slope of the fitted data as 
the galactocentric distance changes. 




Fig. 11. — Radial variation of the peak luminosity of 

the globular cluster luminosity functions for V and / 
bands. The dashed lines represent the peak luminos- 
ity of the entire sample. 
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Fig. 12. — Radial variation of the mean magnitude 
of the bright globular clusters with V < 23.5 mag in 
the HST sample (the filled circles). The solid lines 
represent linear fits to the mean magnitudes. Note 
that there is little change in the mean magnitude with 
increasing galactocentric distance. 
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Fig. 13. — Radial variation of the mean magnitude 
of the bright globular clusters with V < 23.5 mag in 
the HST sample (the open circles) and the ground- 
based sample given by Lee et al. (1998) (the crosses). 
The solid lines represent linear fits to the mean mag- 
nitudes. 
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Fig. 14. — Color distribution of the bright globular 
clusters with V < 23.9 mag in NGC 4472. The curved 
lines show double-Gaussian fits to the data . 
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. / '1 NGC 4472 (filled circles). The open circles represent 

L3^;uJQ^0 0/#J N ^Yie data for the globular clusters with Ti < 23 mag 

in the outer region of NGC 4472 derived from Geisler 
Fig. 15. — Radial variation of the color distribution st al. (1996). 

of the globular clusters with V < 23.9 mag in NGC 
4472. The curved lines show double-Gaussian fits to 
the data. 
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Fig. 17. — Spatial distribution of the blue (a) and 
red (b) globular clusters brighter than V = 23.9 mag 
in the central region of NGC 4472. The radius of 
the circle is 1.1 arcmin and the arrow represents the 
direction of the major axis of the stellar halo. 
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Fig. 18. Radial variation of the surface number 
density of the bright globular clusters with V < 23.9 
mag in the inner region of NGC 4472. The circles, 
triangles, and squares represent, respectively, the to- 
tal sample, blue globular clusters, and red globular 
clusters. The solid line, dashed line and dotted line 
show, respectively, fits to the data with King model, 
de Vaucouleurs law and power law. 
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Fig. 19. — Radial variation of the surface number 
density of the bright globular clusters in the inner re- 
gion {V < 23.7 mag corresponding to Ti < 23.0 mag, 
filled symbols) and the outer region (Ti < 23.0 mag, 
open symbols) of NGC 4472 given by this study and 
Lee et al. (1998). The circles, triangles, and squares 
represent, respectively, the total sample, blue globu- 
lar clusters, and red globular clusters. The solid line 
and dashed line show, respectively, fits to the data 
with King model and de Vaucouleurs law. The data 
for the RGCs and BGCs were scaled down, respec- 
tively, by a factor of 1/2 and 1/6 to show the data 
better. 
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Fig. 20. Radial variation of the mean (filled sym- 
bols) and median (open symbols) color of the bright 
globular clusters with V < 23.9 mag in NGC 4472. 
The circles, triangles, and squares represent, respec- 
tively, the total sample, blue globular clusters, and 
red globular clusters. The solid line represents the 
mean color of the stcdlar halo of NGC 4472 given by 
Kim, Lee & Geisler (2000). 
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Fig. 21. Radial variation ol the mean mctallicity 
of the bright globular clusters in the wide region of 
NGC 4472. The filled and open circles represent, 
respectively, the data in this study and those given 
by Geisler et al. (1996). The solid line shows a lin- 
ear fit to the combined data of two studies, and the 
dashed Une represents a linear fit given by Geisler et 
al. (1996). 
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Fig. 22. — Azimuthal variation of the surface number 
density of the bright globular clusters with V < 23.9 
mag in the region at r < 1.1 arcmin. The solid line, 
dotted line and dashed line show, respectively, the 
total sample, blue globular clusters, and red globular 
clusters. 
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Table 1 

JOURNAL OF OBSERVATIONS FOR NGC 4472 IN THE HST ARCHIVE 



Field 


Texp(F555W) 


Texp(F814W) 


Date 


Program ID and PI 


CI Field 


2 X 900 s 


2 X 900 s 


1995 Feb. 4,5 


G0.5236 Westphal 


C2 Field 


2 X 230 s 


2 X 230 s 


1995 Apr. 18 


GO. 5236 Westphal 


N Field 


900 s, 1300 s 


900 s, 1400 s 


1996 May 3 


GO. 5920 Brodie 


S Field 


900 s, 1300 s 


900 s, 1400 s 


1996 May 2 


GO.5920 Brodie 



Table 2 
APERTURE CORRECTIONS 



Field, Image APC(F555W) APC(F814W) 



CI Field 






















PC 


-0, 


,434 


± 


0, 


,047 


-0, 


,626 


± 


0, 


,099 


WF2 


-0, 


,202 




0, 


,020 


-0, 


,257 


± 


0, 


,033 


WF3 


-0, 


,213 


± 


0, 


,014 


-0, 


,261 


± 


0, 


,019 


WF4 


-0, 


182 


± 


0, 


,017 


-0, 


,239 


± 


0, 


,026 


C2 Field 






















PC 


-0. 


,522 


± 


0, 


,128 


-0. 


,658 


± 


0, 


,259 


WF2 


-0. 


,190 


± 


0, 


,024 


-0. 


,252 


± 


0. 


,051 


WF3 


-0. 


,217 


± 


0, 


,028 


-0. 


,289 


± 


0. 


,030 


WF4 


-0. 


,195 


± 


0, 


,048 


-0. 


,225 


± 


0. 


,046 


N Field 






















PC 


-0. 


,506 


± 


0, 


,022 


-0. 


,541 


± 


0. 


,015 


WF2 


-0. 


,205 


± 


0, 


,022 


-0. 


,244 


± 


0. 


,015 


WF3 


-0. 


,206 


± 


0, 


,016 


-0. 


,280 


± 


0. 


,078 


WF4 


-0. 


,267 


± 


0, 


,072 


-0. 


,314 


± 


0. 


,093 


S Field 






















PC 


-0. 


,667 


± 


0, 


,056 


-0, 


,851 


± 


0, 


,035 


WF2 


-0. 


,259 


± 


0, 


,051 


-0, 


,263 


± 


0, 


,034 


WF3 


-0, 


,251 


± 


0, 


,023 


-0, 


,292 


± 


0, 


,023 


WF4 


-0. 


,245 


± 


0, 


,021 


-0, 


,263 


± 


0, 


,022 



Table 3 

COMPARISON OF THE PHOTOMETRY FOR THE OVERLAPPED REGIONS 



Field 


Ay 


N 


AI 


N 


CI Field(PC) minus C2 Field(PC) 


0.017 ±0.066 


10 


0.024 ±0.032 


10 


CI Field(WF2) minus C2 Field(WF4) 


-0.001 ± 0.047 


28 


-0.043 ± 0.045 


32 


CI Field(WF4) minus S Field(WF4) 


-0.078 ± 0.061 


5 


0.009 ± 0.057 


5 


C2 Field(WF3) minus N Field(WF2) 


0.011 ±0.028 


10 


-0.028 ± 0.027 


11 


total objects 


0.001 ± 0.049 


52 


-0.026 ±0.051 


59 
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Table 4 

PHOTOMETRY OF BRIGHT GLOBULAR CLUSTERS WITH V <22 MAG IN NGC 4472 



ID 


ABAC')" 


ADec(")" 


V 


{V-I) 


r(") 


ID 


ARA{")" 


ADecC')" 


V 


(V-I) 


r(") 


1061 


-91.3 


-30.6 


21.89 


1.32 


96.2 


90 


8.3 


-109.6 


21.58 


0.89 


109.9 


617 


-86.4 


14.6 


21.70 


1.25 


87.7 


1246 


12.0 


-44.8 


21.65 


1.20 


46.4 


911 


-78.6 


-12.8 


21.26 


1.21 


79.6 


39 


14.6 


-138.1 


21.69 


1.33 


138.9 


741 


-73.8 


-1.8 


20.45 


1.24 


73.8 


23 


19.4 


-122.4 


21.07 


0.85 


124.0 


236 


-69.3 


21.0 


21.87 


1.16 


72.4 


179 


19.6 


-218.8 


21.43 


1.05 


219.7 


1062 


-68.0 


-44.6 


21.83 


1.18 


81.3 


371 


20.6 


-25.1 


21.45 


1.26 


32.5 


398 


-67.0 


12.8 


21.82 


1.07 


68.2 


514 


25.6 


65.0 


19.82 


1.01 


69.9 


417 


-64.8 


10.8 


21.22 


0.99 


65.6 


238 


25.7 


130.9 


21.64 


1.15 


133.4 


833 


-64.5 


-14.7 


20.90 


1.31 


66.2 


584 


26.0 


-19.5 


21.62 


0.93 


32.5 


1129 


-64.1 


-63.7 


21.57 


0.93 


90.4 


295 


28.9 


110.6 


20.35 


1.12 


114.3 


705 


-60.2 


-7.2 


21.85 


0.99 


60.6 


542 


29.2 


211.9 


21.49 


1.29 


213.9 


972 


-55.9 


-32.7 


21.49 


0.97 


64.8 


263 


31.1 


-193.2 


21.54 


1.25 


195.7 


233 


-54.1 


12.0 


21.30 


1.27 


55.4 


723 


32.7 


-26.2 


21.25 


1.04 


41.9 


925 


-51.7 


-30.5 


20.40 


1.12 


60.0 


243 


33.7 


28.1 


20.78 


0.96 


43.8 


772 


-50.0 


-18.1 


21.47 


1.11 


53.1 


541 


34.3 


75.8 


21.54 


1.00 


83.2 


749 


-47.6 


202.2 


21.62 


1.17 


207.7 


512 


36.2 


63.6 


21.77 


1.08 


73.2 


1153 


-46.3 


68.3 


21.64 


1.15 


82.5 


388 


38.3 


40.4 


20.93 


1.27 


55.6 


1084 


-42.4 


37.5 


21.77 


0.98 


56.6 


305 


38.7 


-177.3 


21.64 


0.92 


181.5 


256 


-41.2 


-36.6 


21.69 


1.30 


55.1 


417 


40.7 


95.1 


21.60 


1.09 


103.5 


314 


-39.3 


-0.1 


20.03 


1.19 


39.3 


327 


42.8 


-124.8 


20.74 


1.25 


131.9 


808 


-38.8 


-27.8 


21.76 


0.92 


47.8 


824 


43.8 


-4.8 


21.21 


1.12 


44.1 


648 


-38.8 


-15.6 


21.51 


0.95 


41.8 


379 


44.4 


39.4 


21.26 


1.32 


59.3 


480 


-38.0 


-128.3 


21.07 


0.98 


133.8 


503 


45.5 


61.5 


21.43 


0.95 


76.5 


1104 


-36.2 


54.0 


21.43 


1.28 


65.0 


549 


48.4 


79.5 


21.76 


0.97 


93.1 


617 


-35.0 


188.5 


19.39 


1.05 


191.7 


407 


50.3 


-179.5 


21.85 


0.96 


186.4 


450 


-34.4 


-8.7 


21.78 


1.20 


35.4 


432 


51.0 


140.6 


20.74 


0.95 


149.6 


347 


-33.8 


-4.7 


20.92 


0.93 


34.1 


99 


52.1 


20.0 


21.40 


0.99 


55.8 


402 


-26.6 


-106.2 


21.68 


1.25 


109.5 


368 


55.2 


38.1 


21.16 


1.03 


67.1 


467 


-19.5 


-20.3 


20.31 


1.13 


28.2 


259 


61.4 


159.9 


21.88 


1.21 


171.3 


322 


-18.7 


8.1 


21.35 


1.15 


20.4 


872 


61.8 


-22.7 


21.52 


1.14 


65.8 


1198 


-18.4 


-86.6 


21.40 


1.18 


88.5 


556 


64.5 


136.9 


21.56 


0.95 


151.4 


846 


-16.5 


-42.6 


21.44 


1.22 


45.7 


881 


65.9 


6.4 


20.63 


1.27 


66.2 


317 


-16.2 


-103.2 


21.54 


0.97 


104.4 


270 


68.0 


29.7 


21.58 


1.16 


74.2 


179 


-15.6 


9.5 


20.25 


1.19 


18.2 


142 


69.2 


21.8 


20.59 


0.97 


72.6 


441 


-13.1 


-170.3 


21.52 


1.14 


170.8 


554 


69.9 


81.4 


21.70 


0.99 


107.3 


766 


-12.5 


-30.1 


21.87 


1.08 


32.6 


427 


71.0 


43.9 


20.48 


1.11 


83.5 


905 


-8.0 


55.3 


21.23 


1.09 


55.9 


312 


74.2 


164.1 


20.71 


1.05 


180.1 


683 


-7.6 


-16.5 


21.34 


1.31 


18.1 


901 


74.4 


-43.8 


21.78 


0.91 


86.3 


60 


-7.5 


-7.9 


21.13 


1.26 


10.9 


902 


75.9 


0.3 


21.08 


1.36 


75.9 


344 


-6.8 


190.0 


21.89 


1.01 


190.1 


568 


76.1 


89.9 


21.40 


0.94 


117.8 


1289 


-5.6 


-87.7 


21.85 


1.37 


87.9 


419 


76.5 


43.0 


21.68 


1.28 


87.7 


1257 


-3.9 


-74.8 


21.88 


1.25 


74.9 


555 


79.5 


206.6 


21.86 


1.12 


221.3 


413 


0.2 


22.9 


21.86 


1.26 


22.9 


389 


79.8 


39.9 


21.68 


1.04 


89.2 


1199 


0.7 


-54.3 


20.99 


1.22 


54.3 


507 


82.6 


-110.7 


21.88 


1.22 


138.1 


339 


3.1 


31.6 


21.46 


1.30 


31.8 


911 


83.9 


-11.7 


21.83 


0.98 


84.7 


1366 


4.3 


-103.6 


19.50 


1.08 


103.6 


284 


85.4 


-137.2 


21.82 


1.32 


161.6 


292 


4.6 


32.3 


21.82 


1.27 


32.6 


499 


85.5 


191.5 


21.48 


1.02 


209.8 


79 


6.9 


-12.9 


21.46 


1.16 


14.6 


523 


86.5 


-109.2 


20.23 


1.02 


139.3 


1182 


7.4 


-39.4 


21.43 


0.92 


40.1 


265 


88.7 


155.9 


20.79 


1.08 


179.3 



"^ARA. ADec, and r arc calculated in the unit of arcsec with respect to the center of NGC 4472, for the position angle of the 
major axis of NGC 4472, 58.67 deg. 
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Table 5 

LUMINOSITY FUNCTIONS OF THE GLOBULAR CLUSTERS IN NGC 4472 



V N(total) N(BGC) N(RGC) 



19.3 


1 


1 





19.5 


1 





1 


19.7 











19.9 


1 


1 





20.1 


1 





1 


20.3 


5 


1 


4 


20.5 


3 


1 


2 


20.7 


6 


3 


3 


20.9 


4 


1 


3 


21.1 


5 


3 


2 


21.3 


10 


3 


7 


21.5 


24 


12 


12 


21.7 


20 


8 


12 


21.9 


35 


13 


22 


22.1 


33 


17 


16 


22.3 


34 


16 


18 


22.5 


51 


27 


24 


22.7 


37 


13 


24 


22.9 


59 


24 


35 


23.1 


56 


23 


33 


23.3 


65 


27 


38 


23.5 


72 


25 


47 



V N(total) N(BGC) N(RGC) 



23.7 


54 


28 


26 


23.9 


52 


27 


25 


24.1 


57 


28 


29 


24.3 


51 


19 


32 


24.5 


25 


12 


13 


24.7 


42 


19 


23 


24.9 


32 


18 


14 


25.1 


41 


13 


28 


25.3 


25 


8 


17 


25.5 


24 


10 


14 


25.7 


19 


8 


11 


25.9 


14 


7 


7 


26.1 


20 


10 


10 


26.3 


18 


8 


10 


26.5 


19 


12 


7 


26.7 


16 


7 


9 


26.9 


19 


8 


11 


27.1 


23 


9 


14 


27.3 


10 


4 


6 


27.5 


8 


6 


2 


27.7 


8 


5 


3 


27.9 


1 





1 



Table 6 

LINEAR FITS OF MEAN MAGNITUDE PEOFILES 



SAMPLE 




HST 




HST+GROUND 








Slope 


Intercept 


(T 


Slope 


Intercept 


(T 


Total 


V 


0.016 ±0.039 


22.491 ±0.067 


0.091 


0.016 ±0.007 


22.475 ± 0.035 


0.052 




I 


0.035 ± 0.039 


21.341 ±0.067 


0.098 


0.026 ±0.008 


21.350 ± 0.035 


0.058 


BGC 


V 


0.042 ± 0.062 


22.421 ±0.105 


0.083 


0.024 ±0.010 


22.419 ± 0.050 


0.052 




I 


0.043 ± 0.063 


21.449 ±0.106 


0.094 


0.024 ±0.010 


21.447 ±0.051 


0.054 


RGC 


V 


0.010 ± 0.050 


22.171 ±0.089 


0.063 


0.009 ±0.011 


22.523 ± 0.0-50 


0.040 




1 


0.01.') = 0,019 


21.2:-!() ± O.ON.S 


O.OCi."") 


0.01:5 ± 0.011 


21.297 ± 0.050 


0.013 
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Table 7 

COLOR DISTRIBUTION OF THE GLOBULAR CLUSTERS WITH V < 23.9 MAG IN NGC 4472 



(y-7) 


N 


iy-i) 


N 


0.625 


1 


1.125 


68 


0.675 


5 


1.175 


58 


0.725 


4 


1.225 


68 


0.775 


4 


1.275 


65 


0.825 


11 


1.325 


53 


0.875 


24 


1.375 


15 


0.925 


65 


1.425 


8 


0.975 


74 


1.475 


1 


1.025 


59 


1.525 


1 


1.075 


53 


1.575 






Table 8 

SURFACE NUMBER DENSITY OF THE GLOBULAR CLUSTERS WITH V < 23.9 MAG IN NGC 

4472 



r[arcmin] 


(7GC (total) 


r[aj:cmin] 


ctbgc 


r[aj:cmin] 


CROC 


0.29 


78.11 ± 12.35 


0.33 


25.04 ±6.07 


0.32 


49.93 ±9.12 


0.48 


71.79 ± 7.11 


0.54 


24.56 ±3.67 


0.55 


41.80 ±7.63 


0.86 


56.56 ± 5.60 


0.96 


20.87 ±3.11 


0.82 


25.96 ±4.72 


1.18 


45.93 ±4.55 


1.31 


17.46 ±2.60 


1.13 


27.41 ± 3.60 


1.55 


33.38 ±3.31 


1.72 


15.95± 2.38 


1.46 


20.82 ±2.73 


2.17 


29.58 ±2.93 


2.. 36 


13.72 ± 2.05 


2.04 


16.21 ± 2.13 


:i.2(i 


2:i.:i7 ± 2:',:, 




10.80 = 1.75 




11.85 = 1.58 



^(7qc is given in units of # arcmin ^. 



Table 9 

COLOR PROFILES OF THE GLOBULAR CLUSTERS WITH V < 23.9 MAG IN NGC 4472 





Total 






BGC 






RGC 




r 


V-I 


V-I 


r 


V-I 


V-I 


r 


V-I 


V-I 


(axcmin) 


mean 


median 


(arcmin) 


mean 


median 


(arcmin) 


mean 


median 


0.413 


1.131 ±0.161 


1.145 


0.454 


0.949 ± 0.080 


0.977 


0.385 


1.237 ±0.089 


1.253 


0.732 


1.129 ±0.151 


1.155 


0.786 


0.974 ± 0.066 


0.976 


0.701 


1.232 ±0.081 


1.232 


0.991 


1.140 ±0.149 


1.139 


1.048 


0.990 ± 0.053 


0.985 


0.955 


1.234 ± 0.093 


1.230 


1.227 


1.125 ±0.140 


1.121 


1.304 


0.966 ± 0.054 


0.967 


1.176 


1.230 ± 0.086 


1.240 


1.479 


1.100 ±0.149 


1.125 


1.604 


0.959 ± 0.067 


0.951 


1.415 


1.219 ±0.070 


1.208 


1.852 


1.115 ±0.154 


1.121 


2.043 


0.953 ± 0.061 


0.954 


1.762 


1.232 ±0.075 


1.235 


2.477 


1.085 ±0.157 


1.068 


2.678 


0.952 ± 0.061 


0.948 


2.355 


1.234 ± 0.092 


1.250 


3.381 


1.084 ±0.130 


1.064 


3.462 


0.978 ± 0.064 


0.990 


3.286 


1.193 ±0.078 


1.196 
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